Co-delivery of adipose-derived stem cells and growth factor-loaded microspheres in RGD-grafted N-methacrylate glycol chitosan gels for focal chondral repair.
The coencapsulation of growth factor-loaded microspheres with adipose-derived stem cells (ASCs) within a hydrogel matrix was studied as a potential means to enhance ASC chondrogenesis in the development of a cell-based therapeutic strategy for the regeneration of partial thickness chondral defects. A photopolymerizable N-methacrylate glycol chitosan (MGC) was employed to form an in situ gel used to encapsulate microspheres loaded with bone morphogenetic protein 6 (BMP-6) and transforming growth factor-β3 (TGF-β3) with human ASCs. ASC viability and retention were enhanced when the Young's modulus of the MGC ranged between 225 and 380 kPa. Grafting an RGD-containing peptide onto the MGC backbone (RGD-MGC) improved ASC viability within the gels, remaining at greater than 90% over 14 days in culture. The effects of BMP-6 and TGF-β3 released from the polymer microspheres on ASC chondrogenesis were assessed, and the level of differentiation was compared to ASCs in control gels containing nongrowth factor-loaded microspheres cultured with and without the growth factors supplied in the medium. There was enhanced expression of chondrogenic markers at earlier time points when the ASCs were induced with the sustained and local release of BMP-6 and TGF-β3 from the microspheres. More specifically, the normalized glycosaminoglycan and collagen type II protein expression levels were significantly higher than in the controls. In addition, the ratio of collagen type II to type I was significantly higher in the microsphere delivery group and increased over time. End-point RT-PCR analysis supported that there was a more rapid induction and enhancement of ASC chondrogenesis in the controlled release group. Interestingly, in all of the assays, there was evidence of chondrogenic differentiation when the ASCs were cultured in the gels in the absence of growth factor stimulation. Overall, the co-delivery of growth-factor-loaded microspheres and ASCs in RGD-modified MGC gels successfully induced ASC chondrogenesis and is a promising strategy for cartilage repair.